Objectives: This study aimed to investigate factors affecting sarcopenia in different age groups among Korean adults aged 20 years or older.
INTRODUCTION
Sarcopenia is an age-related decline in the skeletal muscle mass and muscle strength [1, 2] . It results from a disproportionate decrease in skeletal muscle protein synthesis and/or increase in skeletal muscle protein breakdown [3] . The prevalence of sarcopenia in adults over 60 years of age was about 42.0% [4] , but the diagnosis of sarcopenia before problems, such as physical functioning or falls occur, is difficult [3] . In addition to changes in the musculoskeletal system due to aging, the imbalance in the nervous system, hormones, and the nutritional status, and the inflammatory state affect the incidence of sarcopenia [5, 6] . This results in the impairment of physical function, the risk of falls, and the increased likelihood of admission to long-term care facilities [5] [6] [7] . Additionally, a 2-fold increase in the risk of death for every 1 kg/m 2 reduction in muscle mass has been reported [8] . Therefore, sarcopenia has recently been recognized as an important health problem.
Even with a conservative estimate of prevalence, sarcopenia will affect more than 200 million people in the next 40 years [9] ; hence, reducing the prevalence of sarcopenia by 10% would result in saving 1.1 billion US dollars per year in United States healthcare costs [10] . Sarcopenia is a serious problem that causes not only health problems and physical disabilities but also high social medical expenditure. Therefore, it is necessary to actively try to prevent the occurrence of sarcopenia, thereby improving the health of the individuals and reducing the burden of medical expenses.
Muscle volume peaks in the third decade of life, gradually decreasing from the fourth decade of life, with a decrease of 8% in the seventh decade of life, and further decreases of 15% every decade thereafter [11] . Sarcopenia is recognized as a problem of aging, and most studies are conducted in the elderly [12, 13] . However, the prevalence of sarcopenia is 15%, 25%, 36%, and 38% among the individuals in their 20s, 30s, 40s, and 50s, respectively [14] . This suggests the necessity of research on the prevalence and the influencing factors of sarcopenia among adults in their 20s to 50s.
As individuals get older, it takes longer to grow muscle. This is because the function of hormones and the cellular organelles that promote protein synthesis are impaired. Therefore, it is emphasized that in order to maintain muscle mass and muscle strength in old age, muscles should be exercised as early as possible [2, 15] . It is necessary to manage health care for each life cycle to maintain health for a long time by managing muscle mass aggressively, starting from adolescence and middle age.
Most of the previous studies were conducted on elderly people over 60 years of age [12, 16] , but relatively few studies have focused on differences by age in the general population. Most studies focus on the relationship between sarcopenia and the individual factors [4, 17] . There are a few studies that have comprehensively analyzed the influential factors, such as sociodemographics, health behaviors, physical, psychological, and nutritional factors.
The purpose of this study was to explore the prevalence of sarcopenia in different age groups (20-39 years, 40-64 years, and 65 years or older) to compare the prevalence of sarcopenia according to influencing factors, and to examine the age-specific influencing factors for sarcopenia.
MATERIALS AND METHODS

Study design
This study is a secondary analysis of data collected in the Fourth and Fifth Korea National Health and Nutrition Examination Survey (KNHANES) conducted during 2008-2011, a nationally representative cross sectional and population-based survey, conducted by the Korea Centers for Disease Control and Prevention (KCDC).
Participants
We initially selected those aged 20 years or older, and excluded participants who had any malignancy or were pregnant. Finally, 17,968 participants were included in our analysis.
Measurements
1) Sarcopenia
The DXA was used to measure the appendicular skeletal muscle mass (ASM, kg), defined as the sum of the lean soft tissue mass of the arms and legs. Sarcopenia was defined as an ASM/ Wt (%) that was less than 1 standard deviation below the mean of a sample of healthy adults aged 20 to 39 years. The reference group of this study included 4,987 healthy adults without any history of chronic diseases, such as diabetes, stroke, coronary artery disease, thyroid disease, arthritis, tuberculosis, asthma, chronic obstructive lung disease, liver cirrhosis, and cancers [18] . The cutoff value for sarcopenia was 30.3% for men and 23.8% for women in this study.
2) Influencing factors
The sociodemographic factors examined include sex (male, female), family structure (with family members, single), residential area (rural, city), socioeconomic status level (high, more than high school and more than household income average; low, below middle school and below household income average, middle; other than that). As health behavior factors, data on current smoking and drinking (< 1 times/month, 1-4 times/month, or ≥ 2 times/week) were analyzed. Physical activity was assessed using the international physical activity questionnaire [19] . The participants were divided into low, medium, and high levels of physical activity based on their total physical activity and the frequency of these activities. The metabolic risk factors were based on the national cholesterol education program adult treatment panel III guidelines, with high blood pressure defined as levels more than 130 mmHg of systolic blood pressure or 85 mmHg diastolic blood pressure, or taking anti-hypertensive medication; abdominal obesity as more than 90 cm for men and 80 cm for women; high fasting glucose levels as more than 100 mg/dL or taking hypoglycemic agent or insulin therapy; high triglyceride levels as more than 150 mg/dL or taking medication for dyslipidemia treatment; low level of high density lipoprotein (HDL)-cholesterol as less than 40 mg/dL for men and 50 mg/dL for women or taking medication for dyslipidemia treatment [20] and fall experience coded as "yes" or "no". The psychological factors examined included depression for two consecutive weeks in the past year, the degree of stress (less, many), suicidal ideation for the last year, and perceived health status (good, fair, poor). The quality of life was defined based on the answers of "having problems (including some problems)" and "no problems" to mobility, self-care, usual activity, pain/discomfort, and anxiety/ depression in the EQ-5D Questionnaire. Nutritional factors, such as total energy and protein were measured by the single 24-hour dietary recall method. Vitamin D levels were measured using serum 25-hydroxyvitamin D concentration.
Statistical analysis
Data analysis was performed using IBM SPSS Statistics for Windows, version 20.0 (IBM Co., Armonk, NY, USA). In order to calculate the total population that the sample would represent, we employed the stratification variables and sampling weights designated by the KCDC. All data were described as unweighted frequency, and weighted percentage. Rao-Scott c 2 -test for categorical variables was performed. Multiple logistic regression analyses were used to identify the influencing factors of sarcopenia according to age groups.
RESULTS
Differences in characteristics by age groups
A total of 17,968 Korean adults aged 20 years or older were included in this study : 5,802, 8,265 , and 3,901 participants, belonged to the 20-39, 40-64, and 65 years or older age groups. The number of men was more than that of women in the 20-39 and 40-64 age groups, while it was the opposite in the over 65 age group. Most participants of all age groups lived with their families and in cities. The rates of low socioeconomic status level and low physical activity increased with age. The rates of high blood pressure, abdominal obesity, high fasting glucose, high triglyceride, and low HDL cholesterol were the highest in the 65 years old or older age group. Additionally, the rates of osteoarthritis, serum vitamin D levels, fall experience, depression, and suicidal ideation increased with age, while the rate of high stress and perceived good health status, daily total energy and protein intake decreased. The percentage of respondents who answered "with a problem" in the five domains of quality of life increased with age (Table 1) .
Prevalence of sarcopenia based on characteristics by age groups
The rate of sarcopenia increased with age (19.2%, 29.1%, and 42.3% among the 20-39, 40-64, and 65 and older age groups, respectively) ( Table 1) . As a result of confirming the prevalence of sarcopenia in the participants, significant variables were different for each age group (Table 2 ). In the 20-39 age group, the prevalence of sarcopenia was higher in men and in participants with low socioeconomic status, with current smoking, frequent drinking, low physical activity, high blood pressure, abdominal obesity, diabetes, dyslipidemia, and low HDL cholesterol. In addition, sarcopenia was more prevalent among those with high levels of stress, poorperceived health status, problems in mobility and usual activity, pain or discomfort. The prevalence of sarcopenia was significantly higher when daily energy and protein intake or serum vitamin D levels were lower. In the 40-64 age group, the prevalence of sarcopenia was higher in women and in participants living alone, with low socioeconomic status, no current smoking, less frequent drinking, low physical activity, high blood pressure, abdominal obesity, diabetes, dyslipidemia, low HDL cholesterol and osteoarthritis than other participants. In addition, sarcopenia was more prevalent among those with depression, suicidal ideation, perceived poor health, having a problem with mobility, self-care and usual activity, and anxiety or depression. The prevalence of sarcopenia was significantly higher when daily energy and protein intake or serum vitamin D levels were lower. Additionally, in the 65 years or older age group, the prevalence of sarcopenia was higher in participants living in the city, with no current smoking, less frequent drinking, low physical activity, high blood pressure, abdominal obesity, diabetes, dyslipidemia, low HDL cholesterol, osteoarthritis and fall experience. The prevalence of sarcopenia was higher in participants having problems with mobility, selfcare, usual activity, and pain or discomfort. However, sarcopenia was less prevalent among those with depression and suicidal ideation. The prevalence of sarcopenia was significantly higher when the daily energy and protein intake or the serum vitamin D level was lower.
Factors affecting sarcopenia by age groups
As a result of multiple logistic regression analysis, the influencing factors of sarcopenia were different for each age group (Table 3 ). In the 20-39 age group, significant influencing factors were low physical activity (odds ratio Values are presented as odds ratio (95% confidence interval).
n, unweighted sample size; SES, socioeconomic status; AO, abdominal obesity; HDL, high density lipoprotein. All data were weighted to the residential population of Korea. *p < 0.05, **p < 0.01. 
DISCUSSION
This study showed that the prevalence of sarcopenia increased with increasing age, consistent with the findings of domestic and international studies [14, 21] . As age increases, muscle mass and muscle strength are known to decrease even when there is no change in body weight [22] . Muscular exercises should be performed as early as possible to maintain muscle mass and muscle strength in old age [2, 15] , and a preventive approach is needed.
This study found that the factors associated with sarcopenia differ by age. The risk of sarcopenia was significantly higher in men than in women in the 40-64 and 65 or older age groups. Total limb muscle decreases more in men than in women [19] , and the decrease in total body potassium, an indicator of the amount of skeletal muscle, is known to be faster in men than in women [23] . Physical activity had significant influence on sarcopenia in all age groups. This is consistent with the findings of other domestic and international studies [24, 25] . Limited physical activity reduces the number and size of muscle fibers as muscle cells die and physical stimuli decrease [26] , and if the activity of the resting level lasts more than 7 days, it results in the loss of 30% of the muscle mass [27] . It may be necessary to consider the application of a combined exercise program to increase muscle mass and muscle function [28, 29] . As sarcopenia is caused by lack of muscle accumulation in young people, health education that increases physical activity needs to be emphasized for them [30] .
Blood pressure, waist circumference, and triglycerides had significant influence on sarcopenia in all age groups. These results are consistent with those of previous research [12, 20] . The relationship between sarcopenia and hypertension in young people had not been studied previously, and a direct comparison with this study was difficult. However, since the prevalence of hypertension in young adults has been increasing steadily, further research on this is needed. In addition, increased visceral fat and chronic inflammation with increased age are suspected to be the cause of sarcopenia, which can explain the correlation between abdominal obesity and sarcopenia according to the redistribution of fat in the elderly [2] . In this study, the risk of sarcopenia was high when fasting blood glucose was high in the middleaged and elderly groups. Insulin resistance causes sarcopenia by inhibiting the intracellular transport of amino acids that play an important role in protein synthesis [15] . Aerobic exercise has a positive effect on controlling blood glucose by reducing insulin resistance in patients with type 2 diabetes [31] . Therefore, it is necessary to inform individuals that exercise therapy can aid not only maintaining proper blood glucose levels but may also prevent sarcopenia.
In this study, the risk of sarcopenia was higher in patients 65 years or older with a history of osteoarthritis. Not using the painful joints would reduce muscle strength and muscle mass. Fall experience had a significant effect on sarcopenia only among those aged 65 and older. As the age increases, muscle atrophy exacerbates the risk of falls by causing balance disorders. As agility and flexibility are reduced and the reaction rate is slowed, injury related to falls increase [25] . The risk of falls may increase due to sarcopenia. However, fractures due to falls and fear of recurring falls may result in a decreased physical activity, which may then lead to sarcopenia. Therefore, further studies are necessary to confirm the effect of fall experience on sarcopenia.
In the 40-64 years old group, the risk of sarcopenia was significantly higher among participants with suicidal ideation, poor perceived health status, and mobility problems. This was in part consistent with the previous findings that patients with sarcopenic obesity are more likely to perceive stress and increased suicidal ideation, indicating a negative correlation with quality of life [18] . There is a limited, but confirmed, to the causal relationship between psychological health and sarcopenia.
In this study, the lower the serum vitamin D level, the higher was the risk of sarcopenia, for all age groups. Vitamin D is known to bind to vitamin D receptors in the muscle cells to promote protein synthesis and stimulate calcium mobilization through the cell membrane [32] . Vitamin D deficiency is thought to occur because people spend more time using indoor devices like smart phones and internet, or working indoors in urban areas. This phenomenon is expected to occur in young people, and it is necessary to develop an intervention program that can complement the vitamin D deficiency.
This study showed that the factors influencing sarcopenia differed by age groups. This suggests that it is necessary to provide an intervention program for muscle health based on the life cycle. The 20-39 years old group is not concerned about muscle loss. The social atmosphere favoring a skinny body, excessive diet, caffeinated beverages, and instant food-based diets expose individuals to the risk of muscle loss as well as poor bone health. Therefore, it is necessary to educate people in this age group about the importance of avoiding excessive diets, maintaining appropriate nutrition and exercise, while conducting continuous research on sarcopenia to develop effective intervention programs. During the middle-aged stage, there is lack of time to take the necessary health actions because of the socioeconomic activities. The results of this study showed that psychological health factors as well as physical health factors influenced the occurrence of sarcopenia in the 40-64 years old age group. Therefore, we believe that it is necessary to develop an intervention program to prevent the sarcopenia and to prepare for a healthy old age through proper exercise, blood pressure and diabetes management, and positive mental health. Osteoarthritis and fall experience in the age group of 65 years or older were characteristic factors indicating sarcopenia. As individuals get older, their bone density and muscle mass decreases, and fat increases. However, if the loss of muscle mass is minimized and strength maintained through appropriate physical activity, secondary health problems could be prevented, leading to a healthier and livelier life.
Using the KNHANES, which is representative of Korean adults, we comprehensively identified the prevalence and related factors of sarcopenia by age groups. In addition, it can provide a basis for the development of optimal intervention programs to prevent sarcopenia in each age group. Our study has several limitations. First, sarcopenia should be assessed taking into account both the muscle mass and muscle strength. However, because the KNHANES did not measure muscle strength, it was not possible to select participants for sarcopenia. Furthermore, changes in time should be considered for sarcopenia. However, in this study, because cross-sectional data was analyzed, there was a limit to checking causality between variables. It is recommended that similar studies are conducted in the future using the diagnostic criteria that consider both muscle mass and muscle strength to identify the factors affecting sarcopenia in different age groups. Additionally, we suggest that intervention programs to reduce sarcopenia should be developed by taking into account the influencing factors for each age group and the effects of such interventions should be evaluated.
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